Abstract: Rheological characterization of tomato products is important not only for design of unit operations, but also to optimize processes and guarantee high quality of food products. Time dependence is related with structural changes due to shear rate. Thus, rheological characterization as a function of time is extremely important to understand the changes that occurred in food products during commercial processes. However, these characterizations are rare in the literature for tomato products. Those rheological properties depend of several parameters, such as agronomic, structural and process parameters. In this study, the effect of shear rate on the viscosity at room temperature (22 °C) of two kinds of tomato sauce (homemade and commercial) is analyzed; using a Brookfield viscometer model 4535, Lab-Line Instruments. Homemade sauce was prepared with fresh saladette tomatoes from a local market. Rheological analysis was performed at shear rates from 0.05 to 10.47 s -1 ; using all the spindles available. Statistical analysis was made using LSD and Duncan tests with a confidence interval of 95% (p-value of 0.05). It was demonstrated that homemade and commercial tomato sauce behaved as a thixotropic fluid, due to the typical decrease on viscosity samples observed when testing time was increased. When tomato sauce is at rest, it has a gelled tridimensional structure; and, as soon as a shear stress is applied, the movement generates an alignment of tomato constituent chains in flow direction, breaking physic entanglements and thus causing a decrease in viscosity as a function of time. Furthermore, it was discovered that the viscosity of homemade sauce was higher than the viscosity of commercial sauce. The latter may be due to the pre-thermal treatment. During this unit operation, polymeric chains of lycopene most likely break into smaller chains of isoprene, causing the observed decrease in viscosity. Besides, commercial sauce contains additives, seasonings, preservatives and thickeners that are not in a homemade sauce.
Introduction
Tomato is one of the most consumed vegetables over the world [1] , which represents an essential product on human diet, and a rich nutritional resource on vitamin C, potassium and anti-oxidants like licopene [2] . Food industry has developed endless tomato based products, such as sauces, purees, juices, concentrates, etc. In order to maintain the quality of these products and guarantee its shelf durability, industries rely on chemical and physical techniques that enable them to know the status of the product and at the same time helping them to streamline the production process. Techniques for measuring the rheological properties of food fluids were used for 30 years [3, 4] ; although most current efforts to measure the rheological behavior of fluids include work of Rao [5] , Steffe [6] and Roudot [7] . Rheological characterization of tomato products is important not only for the design of unit operations, but also for optimization processes and quality assurance of food products [8, 9] . Available information found in the literature is variable and is only concentrated on measurements of steady state shear [10] . Many studies only focus on the measurement of a condition or are empirical methods of evaluation. Time dependence is related to structural changes due to shear flow [11] . Consequently, time-dependent rheological characterization is extremely important in order to
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understand the changes that occur in the product during a commercial process. However such characterizations are rare in the literature for tomato products [8] [9] [10] [12] [13] [14] [15] [16] . The rheological properties of tomato products depend on several number of parameters, such as agronomic parameters (variety and maturity), compositional parameters (soluble solids, acidity and pectin content) and process parameters (finished product appearance and heat treatment) [13, 17] .
Methodology
In order to perform viscosity tests, Saladette tomatoes and commercial tomato sauce was used, which were purchased at a local supermarket. The equipment used to measure the viscosity ( Fig. 1 ) was a Brookfield Viscometer (Model 4535, Lab-Line Instruments), blender, beaker (600 mL), stopwatch, spindle number from two until seven (Fig. 2) . Diameter of Brookfield spindles is shown in Table 1 . Saladette tomatoes were purchased for making homemade sauce. The tomatoes were washed with soap and water, before being chopped and then crushed in a blender (Oster brand). Homemade and commercial tomato sauces were analyzed by triplicate. Viscosity and shear stress of homemade and commercial sauce were determined using all different spindles available in the range from 0.05 to 10.47 s -1 . The temperature in this study was maintained constant (room temperature of 22 °C). Statistical ANOVA tests were performed using SPSS 16.0 software, where Duncan subgroups obtained are shown in Table 2 (for thixotropic analysis) and Table 3 (for type of sauce viscosity behavior).
Results
In this paper the time-dependent rheological behavior of homemade and commercial tomato sauce at different shear rates was analyzed. Thixotropic behavior was found when the specimens were loaded and un-loaded at each shear rate tested, as shown in Table 2 . In particular, it was found that the viscosities of homemade specimens were higher than those of commercial ones (as shown in Fig. 4 ). It is noteworthy that the commercial tomato sauce contains additives, thickeners, seasonings, preservatives, etc., in addition to solids naturally present in tomatoes; causing differences in the viscosities of the two types of sauces analyzed in this work. Solids concentration is one of the main factors that can modify the viscosity [18] . Viscosity behavior of homemade tomato sauce is different from commercial sauce; which may be due to viscoelastic properties of tomato products, as they are primarily related to average volumetric diameter and insoluble solids content in tomato paste. The solids content is controlled by the tomato variety and processing conditions [10, 17] . Furthermore, it has been shown that thermal pre-treatment of tomatoes caused the breaking of lycopene chains (natural polymer found in tomatoes) into smaller chains of isoprene [19] . Consequently, it is concluded that the viscosity without this treatment (e.g. Homemade sauce) must be greater than the viscosity of a tomato-based commercial sauce product. Moreover, the spindle effect over the viscosity-shear rate curves or stress-shear rate curves is shown in Figs. 5-7. In those figures it is shown that the larger varations on homemade and commercial tomato puree viscosity occurred at lower shear rates (lesser than 5 rad/s). The effect of type of sauce (either homemade or commercial), spindle, and shear rate is shown in Table 3 , where Duncan statistical analysis was performed for all experimental specimens tested. 
Conclusions
It was showed that the tomato sauce has the characteristics of a thixotropic fluid since the apparent viscosity decreases as time passed. When tomato sauce is at rest, it has a gel-dimensional microstructure. By applying a shear stress, agitation generates the microstructure breakdown in linear chains as time passes, breaking the physical links, thereby causing a decrease in viscosity. The 48 different groups were determined using Duncan statistical test, from nearly 96 possible combinations of type of sauce, spindle and shear rate used to obtain the viscosity of each specimen analyzed.
The results obtained in this study, conducted in the range of shear rates from 0.05 to 10.47 s -1 , are similar to those obtained by Barbana and El-Omri [12] , although they experienced only over a range of 0 to 1.291 s -1 . Augusto et al. [8, 9] demonstrated the thixotropic behavior of tomato juice samples at different shear rates (50 to 500 s -1 ). Besides time effect, it was found that the apparent viscosity decreased when spindle was changed in ascending order for commercial tomato sauce at shear rates lower than 2.094 s -1 . At higher shear rates, the viscosity was not significantly altered. In addition, homemade sauce viscosity is greater than that of commercial sauce, probably due to the thermal pre-treatment that is performed to tomato-based commercial products, which breaks polymeric chains of lycopene in smaller chains of isoprene [16] , and thereby causing a decrease in the viscosity of the commercial product.
